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(57) ABSTRACT 

Non-Volatile Memory (NVM) cells include a selection cir 
cuit for providing an output based on selecting between an 
input data signal and an output of a Multiple Time Program 
mable (MTP) NVM element. The input data signal may be 
latched by a latch circuit such as a flip-flop first. The selector 
circuit's output is used to confirm the programming values 
for the MTP NVM element such that the element can be 
programmed correctly without losing time by reading the 
programmed MTP NVM element or reprogramming a mis 
programmed element. 
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MTP NVMELEMENTS BY-PASSED FOR 
PROGRAMMING 

RELATED APPLICATIONS 

This utility patent application is a continuation-in-part 
(CIP) of U.S. patent application Ser. No. 10/830,280 (IMPJ 
0082) filed on Apr. 21, 2004 now U.S. Pat. No. 7.212,446, 
which is incorporated herein by reference. The benefit of the 
earlier filing date of the parent application is hereby claimed 
under 35 U.S.C. S 120. 

This utility patent application is a continuation-in-part 
(CIP) of U.S. patent application Ser. No. 10/813,907 (IMPJ 
0027A) filed on Mar. 30, 2004 now U.S. Pat. No. 7,242,614, 
which is incorporated herein by reference. The benefit of the 
earlier filing date of the parent application is hereby claimed 
under 35 U.S.C. S 120. 

This utility patent application is a continuation-in-part 
(CIP) of U.S. patent application Ser. No. 10/814,866 (IMPJ 
0027B) filed on Mar. 30, 2004, which is incorporated herein 
by reference. The benefit of the earlier filing date of the 
parent application is hereby claimed under 35 U.S.C. S 120. 

This utility patent application is a continuation-in-part 
(CIP) of U.S. patent application Ser. No. 10/814,868 (IMPJ 
0027C) filed on Mar. 30, 2004 now U.S. Pat. No. 7,177,182, 
which is incorporated herein by reference. The benefit of the 
earlier filing date of the parent application is hereby claimed 
under 35 U.S.C. S 120. 

This application claims under 35 U.S.C. S119(e) the 
benefit of the filing date of U.S. Provisional Application Ser. 
No. 60/646.242 filed on Jan. 21, 2005, which is incorporated 
herein by reference. 

TECHNICAL FIELD 

The present invention relates to Non-Volatile Memory 
(NVM) circuits; and more particularly, to a Multiple Time 
Programmable (MTP) NVM element that can be by-passed 
for programming. 

BACKGROUND 

Memory devices are electronic devices arranged to store 
electrical signals. For example, a basic memory element 
may be a fuse that can either be open or be closed. Open and 
closed states of the fuse may be used to designate one bit of 
information corresponding to a value of 1 or 0. A plurality 
of memory elements can be combined in various arrange 
ments in order to store multiple bits arranged in words or 
other combinations. Various electronic circuits including 
semiconductor devices such as transistors are used as 
memory elements. 
Memory elements may be classified in two main catego 

ries: volatile and nonvolatile. Volatile memory loses any 
data as soon as the system is turned off. Thus, it requires 
constant power to remain viable. Most types of random 
access memory (RAM) fall into this category. Non-volatile 
memory does not lose its data when the system or device is 
turned off. An NVM device may be implemented as a MOS 
transistor, as a One Time Programmable (OTP) fuse, as a 
Multiple Time Programmable (MTP) fuse, and the like. 
A range of considerations including a purpose of the 

device, power consumption, size, retention capacity and 
duration may influence design of non-volatile memory 
devices. In NVM devices comprising OTP fuses, the ele 
ments are programmed destructively (e.g. flowing a high 
current through the fuse Such that the fuse transitions into an 
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2 
open state). Programming time for Such devices may be long 
in order to pass enough current to force the fusing/anti 
fusing action. Thus, programming time becomes a major 
expense in device performance. 

Furthermore, improper programming is irrecoverable. 
Therefore, the lack of ability to confirm programming of an 
NVM device prior to final programming may increase cost 
of manufacturing Such devices and impede their perfor 
aCC. 

SUMMARY 

The invention provides NVM circuits that include an 
output selection capability Such that a programming signal 
can be confirmed prior to an MTP NVM element being 
programmed. 

In some embodiments, the NVM cell includes a selection 
circuit for providing an output based on selecting between 
the input data signal and an output of a MTPNVM element. 
The selector circuits output is used to confirm the program 
ming values for the MTP NVM element such that the 
element can be programmed correctly or reprogrammed. 

In other embodiments, the input data signal may be 
latched by a latch circuit such as a flip-flop first. An output 
of the latch circuit may be used for confirmation first, and 
programming next if the confirmation is affirmative. 

According to further embodiments, programming of the 
MTP NVM elements may be enabled by a program enable 
signal. The selector circuit(s) may select between the input 
data signal and the output of the MTP NVM element based 
on a select enable signal. 

According to yet further embodiments, the NVM cells 
may be complemented by a confirmation circuit configured 
to perform the confirmation of the correct values for pro 
gramming the MTP NVM elements. 

It will be appreciated that by employing a selection 
between the input data signal and the output of the MTP 
NVM element, and performing a confirmation based on the 
selection, a processing time of the NVM cells will be 
improved during a calibration and/or start-up period. 

This Summary is provided to introduce a selection of 
concepts in a simplified form that are further described 
below in the Detailed Description. This Summary is not 
intended to identify key features or essential features of the 
claimed Subject matter, nor is it intended to be used as an aid 
in determining the scope of the claimed Subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Non-limiting and non-exhaustive embodiments are 
described with reference to the following drawings. 

FIG. 1 is a block diagram of a device having One Time 
Programmable (OTP) fuses, for supplying data to other 
components of the device; 

FIG. 2 illustrates example implementations of OTP fuses 
that may be used in the device of FIG. 1; 

FIG. 3 illustrates example implementations of OTP anti 
fuses that may be used in the device of FIG. 1; 

FIG. 4 is a conceptual block diagram of a device having 
a Multiple Time Programmable (MTP) Non-Volatile 
Memory (NVM) circuit for supplying data to other compo 
nents of the device according to embodiments; 

FIG. 5 is a block diagram of an array of cells of the MTP 
NVM circuit according to embodiments: 

FIG. 6 is a block diagram of the array of FIG. 5, and 
further according to embodiments where a latch is provided; 
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FIG. 7 is a block diagram of a sample implementation for 
the array of FIG. 6; 

FIG. 8 is a block diagram of a sample embodiment of a 
cell that is further associated with a bit program confirm 
circuit; 

FIG. 9 is a block diagram of an array made with cells such 
as those of FIG. 8; and 

FIG. 10 is a logic flow diagram for methods according to 
embodiments. 

DETAILED DESCRIPTION 

Various embodiments of the present invention will be 
described in detail with reference to the drawings, where like 
reference numerals represent like parts and assemblies 
throughout the several views. Reference to various embodi 
ments does not limit the scope of the invention, which is 
limited only by the scope of the claims attached hereto. 
Additionally, any examples set forth in this specification are 
not intended to be limiting and merely set forth some of the 
many possible embodiments for the claimed invention. 

Throughout the specification and claims, the following 
terms take at least the meanings explicitly associated herein, 
unless the context clearly dictates otherwise. The meanings 
identified below are not intended to limit the terms, but 
merely provide illustrative examples for the terms. The 
meaning of “a,” “an, and “the includes plural reference, 
the meaning of “in” includes “in” and “on.” The term 
“connected' means a direct electrical connection between 
the items connected, without any intermediate devices. The 
term “coupled' means either a direct electrical connection 
between the items connected or an indirect connection 
through one or more passive or active intermediary devices. 
The term “circuit” means either a single component or a 
multiplicity of components, either active and/or passive, that 
are coupled together to provide a desired function. The term 
“signal” means at least one current, Voltage, charge, tem 
perature, data, or other measurable quantity. 

Briefly, this disclosure is about providing a selection for 
an output of an NVM cell between an input data signal and 
an output of an MTP NVM element to be programmed. The 
selected outputs may be used to confirm a programming 
value for the MTP NVM element. 

The invention is now described in more detail. 

FIG. 1 is a block diagram of a device having One Time 
Programmable (OTP) fuses, for supplying data to other 
components of the device. 
Many electronic devices include circuitry that may need 

an initial calibration, a power on reset (POR), a start up 
value for operation, and the like. For example, Radio Fre 
quency IDentification (RFID) tags include oscillators that 
may receive a start up value for accurate and fast operation. 
Many other applications are known in the art. 
One of the ways of providing a start up value to a circuit 

is storing data associated with the start up value in an NVM. 
As the device that includes the NVM is powered on, a 
portion of the NVM is read and the output provided to the 
circuit(s) that is to receive the start up value. 

In the example device 100, fuse bank 144 is an exemplary 
implementation of an NVM circuit for storing start up 
values. Fuse bank 144 includes data value 148 that may be 
stored by one of the fuses. For example, an open state of the 
fuse may correspond to data value 148 having a digital value 
“1” or vice versa. 
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4 
Fuse bank 144 may include One Time Programmable 

(OTP) fuses. Fuse bank 144 supplies start up values as 
indicated by reference numeral 149 to operational circuits 
104. 

FIG. 2 illustrates example implementations of OTP fuses 
that may be used in the device of FIG. 1. 
A fuse may be implemented in many ways including 

printed circuit board implementations, where a specially 
shaped layer of conductive material (e.g. metal) is etched on 
a layer of silicon insulator. Fuses 244-1, 244-2, and 244-3 
are examples of printed circuit board fuses with different 
shapes. 
A shape and dimensions of the fuse determine a sensitiv 

ity and an accuracy of the fuse because a thickness, a width, 
and a type of conductive material determine an amount of 
current that “blows' (opens) the fuse. 
The portions of fuse 244-3 indicated by reference numeral 

262 are typically used to provide contact to other circuits or 
conductive layers in a circuit board. Thus, a pair of Vias may 
be implemented in areas 262 or adjacent to them. 
The portions of fuse 244-3 indicated by reference numeral 

264 are transition regions that determine along with the fuse 
element 266 an amount of current necessary to blow the 
fuse. As described above and shown in fuses 244-1 and 
244-2, transition regions 264 may have varying shapes and 
dimensions. 

Fuse element 266 is the portion of the fuse that is blown 
by the current exceeding a predetermined amount. A thick 
ness and a width of the fuse element are the main compo 
nents in determining the current limit. In some implemen 
tations, fuse element 266 may have a staggered shape for 
improved current accuracy. 

FIG. 3 illustrates example implementations of OTP anti 
fuses that may be used in the device of FIG. 1. 
An antifuse is an electrical device that performs the 

opposite function of a fuse. Whereas a fuse starts with a low 
resistance and is designed to permanently break an electri 
cally conductive path (typically when the current through 
the path exceeds a specified limit) an antifuse starts with a 
high resistance is designed to permanently create an elec 
trically conductive path (typically when the Voltage across 
the antifuse exceeds a certain level). 

Antifuses are widely used to permanently program Inte 
grated Circuits (ICs). ICs that use antifuse technology 
employ a thin barrier of non-conducting amorphous silicon 
between two metal conductors. When a sufficiently high 
Voltage is applied across the amorphous silicon it is turned 
into a polycrystalline silicon-metal alloy with a low resis 
tance, which is conductive. 

Furthermore, certain Programmable Logic Devices 
(PLDS) use antifuse technology to configure logic circuits 
and create a customized design from a standard IC design. 
Circuits built via the antifuse’s permanent conductive paths 
may be faster than similar circuits implemented in PLDs 
using SRAM technology. Antifuses are sometimes referred 
to as via links because blown fuses create a connection 
between two crossing layers of wiring on the chip in the 
same way that a via on a printed circuit board creates a 
connection between copper layers. 
The programming of antifuses may be performed after 

manufacturing, and is generally permanent and irreversible. 
With a poly-diffusion antifuse, the high current density 
creates heat, which melts a thin insulating layer between 
polysilicon and diffusion electrodes, creating a permanent 
resistive silicon link. 
Example antifuse 344-1 includes Oxide-Nitrite-Oxide 

(ONO) dielectric layer 364 sandwiched between antifuse 
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polysilicon 362 and n+ antifuse diffusion layer 366. Antifuse 
link 361 is positioned between the ton and bottom layers in 
ONO dielectric layer 364. 

In a typical implementation, the ONO dielectric layer 364 
may have a thickness of less than 10 nm, and the antifuse 
link may be about 20 nm wide. 

Example antifuse 344-2 includes a split antifuse polysili 
con layer 362 over n+antifuse diffusion layer 366. The 
portions of the antifuse polysilicon layer 362 are separated 
by a thin ONO dielectric layer 364, which is melted when 
the high current is applied connecting the two portions of the 
antifuse polysilicon layer 362 together. 

Example anitfuse 344-3 includes n+ antifuse diffusion 
layer 366 partially superimposed over antifuse polysilicon 
layer 362. Each of these layers include contacts 368 in their 
non-overlapping portions. 

Antifuse link 361 in the overlapping portion of the two 
layers is melted by the high current providing the connection 
and changing the fuse state to closed from open. 

FIG. 4 is a conceptual block diagram of a device having 
a Multi Time Programmable (MTP) Non-Volatile Memory 
(NVM) circuit for supplying data to other components of the 
device according to embodiments. 

Parts of device 400 that are similarly numbered in device 
100 of FIG. 1, operate in a likewise manner as parts of 
device 100. 
MTPNVM circuits are used for a variety of applications, 

ranging from code storage to setting start up values for 
operational circuits. Examples of start up values for opera 
tional circuits include, but are not limited to, MTP NVM 
elements that set a frequency of an oscillator, a Voltage for 
a voltage-reference, a current for a bias generator, a polarity 
of an I/O Pad, an encryption key for a digital rights man 
agement application, and the like. 
MTPNVM 444 is configured to store data in its elements 

(e.g. MTP NVM element 448) that can be provided to other 
circuits 404 as start up values. A write operation 445 
performed on MTP NVM 444 is programming of one or 
more of its elements. An optional read operation 446 may 
also be performed on MTP NVM 444 for confirming the 
values to be programmed into the elements of MTP NVM 
444. 

In another embodiment, the optional read operation may 
be performed after the element(s) of MTP NVM has (have) 
been programmed to confirm the programmed value. If the 
confirmation yields an unacceptable result, the MTP NVM 
element(s) can be reprogrammed. 
An optional Power-On Reset (POR) circuit 490 provides 

a POR signal that triggers the Supplying of start up data 
values (449) to operational circuits 404. 
By employing the optional read operation prior to pro 

gramming MTP NVM 444, a confirmed value can be pro 
grammed to the selected elements of MTP NVM 444. 
Moreover, MTP NVM 444 can be programmed multiple 
times, based on a confirmation of the programmed values, 
thus, enabling correction of misprogrammed values. 
MTP NVM 444 may be implemented in applications 

including, but not limited to, analog trimming circuits, 
product configuration storage, serial number storage, 
encryption key storage, and the like. 
MTP NVM 444 may include, in addition to the fuse 

elements, circuitry for selecting a signal output (optional 
read operation), circuitry for latching the input signal, and 
the like. Details and examples of various embodiments using 
Such circuitry are discussed below. 

FIG. 5 is a block diagram of an array of cells of the MTP 
NVM circuit according to embodiments. 
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6 
First group of circuits 550 store and provide bit 0 of the 

NVM array 544. Input data is provided at input data node 
IDNO to MTP NVM element 560-0 and selector circuit 
564-0. An output of MTP NVM element 560-0 is also 
provided to selector circuit 564-0. 

Selector circuit 564-0 is configured to select between the 
input data signal and an output of the MTP NVM element 
560-0 and provide data out 0, such that the input data signal 
can be confirmed prior to the programming of MTP NVM 
element 560-0. In one embodiment, an output of MTPNVM 
element 560-0 can be confirmed after programming such 
that the storage element can be reprogrammed if the output 
is not confirmed. 

Second group of circuits 551 for bit 1 and subsequent 
groups are arranged to operate similar to the first group of 
circuits forbit 0 providing data out signals for each bit in the 
NVM array. 

According to Some embodiments, a program enable signal 
may be provided to the MTP NVM elements 560-X to 
initiate the programming of the elements. 

According to other embodiments, a data select signal may 
be provided to the selector circuits enabling selection of 
input data signal or the output of the storage elements. FIG. 
6 is a block diagram of the array of FIG. 5, and further 
according to embodiments where a latch is provided. 
NVM array 644 includes groups of circuits (e.g. circuit 

group 650, 651, etc.) with MTP NVM elements (660-0, 
660-1, etc.) and selector circuits (664-0, 664-1, etc.) that are 
arranged to operate in a similar manner to the circuits of 
NVM array 544 of FIG. 5. 

Differently from NVM array 544, NVM array 644 
includes latch circuits 662-0, 662-1, etc., in each group of 
circuits. The latch circuits are configured to receive and latch 
input data signal and provide the same signal at input data 
nodes IDN0, IDN1, etc. Accordingly, correct programming 
may be confirmed before the data storage elements are 
committed to the programming values. 

Moreover, latch access times are typically faster than fuse 
programming times. Thus, test time for NVM array 644 and 
as a result cost of manufacturing (or operating) the NVM 
array is reduced. 

Selector circuits 664 are arranged to select between an 
output of the latch circuits 662 and an output of the MTP 
NVM elements 660, and provide data out 1, data out 2, etc. 

FIG. 7 is a block diagram of a sample implementation for 
the array of FIG. 6. 

Latch circuits 762 in NVM array 744 are implemented as 
D type flip-flops 762-0, 762-1, etc. Input data signal is 
provided to a D input of first flip-flop circuit and then to the 
D input of the next flip-flop circuit from a Q output of the 
first flip-flop. 
The input data signal, latched by the flip-flop circuits is 

provided from an inverted Q output of each flip-flop to the 
corresponding NTM NVM elements 760 and multiplexers 
764 at nodes IDN0, IDN1, etc. 

In addition to the program enable and data select signals, 
a clock signal is provided for timing the D type flip-flops of 
circuit groups 750, 752, etc. 

While NVM array 744 is shown with D type flip-flops, 
other implementations such as an S-R type flip-flop, a J-K 
type flip-flop, or a toggle type flip-flop may also be 
employed without departing from a spirit and scope of the 
invention. 

FIG. 8 is a block diagram of a sample embodiment of a 
cell that is further associated with a bit program confirm 
circuit. 
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As described previously, a confirmation process may be 
employed to verify an output of the MTP NVM element 
560-0 after it has been programmed or the input data signal 
prior to programming the MTP NVM element 560-0. 

Bit program confirm circuit 865-0 may be implemented to 
compare input data signal from IDNO and the output of 
MTP NVM element 560-0, and to generate a confirmation 
signal. 
The confirmation signal may then be used to enable 

programming of the MTPNVM element 560-0 based on the 
input data signal, storing bit 0 in cell 850. 

Bit program confirm circuit 865-0 may be implemented in 
any way known in the art. For example, a digital comparator 
may be used to compare the input data signal and the output 
of MTP NVM element, and to generate the confirmation 
signal. 

FIG. 9 is a block diagram of an array made with cells such 
as those of FIG. 8. 

In an NVM array (e.g. array 944) comprising multiple 
cells (cell 850, cell 851, etc.), a confirmation process may be 
performed for each cell before committing the storage 
element of each cell to the programming value. A series of 
confirmation circuits (e.g. 965-0. 965-1, etc.) may be used 
for the confirmation process. 
The confirmation circuits may be implemented discretely 

or as an integrated circuit. According to some embodiments, 
the confirmation may be performed by a single circuit or a 
group of circuits using time division multiplexing Such that 
each cell of the NVM array is confirmed in a sequential 
a. 

FIG. 10 is a logic flow diagram for methods of using an 
MTP NVM element according to embodiments. 

According to some embodiments, a memory circuit for 
use with an operational circuit includes an input data node 
configured to receive Successively a plurality of input data 
signals and an MTP NVM element configured to be pro 
grammed a plurality of times, each time according to the 
signal present on the node at the time, and to further provide 
an output signal according to how it is programmed. The 
memory circuit further includes a selector circuit configured 
to provide a start up value signal to the operational circuit by 
selecting one of the latest signal present on the node, and the 
output signal of the MTPNVM element. The selector circuit 
may be a multiplexer. 
The memory circuit may also include a latch configured 

to receive the input data signals and present them on the 
node. The latch may be a D type flip-flop, an S-R type 
flip-flop, a J-K type flip-flop, or a toggle type flip-flop. 
The MTP NVM element may be programmable respon 

sive to a programming enable signal. In addition, the selec 
tor circuit may be configured to perform the selection 
responsive to a data select signal. 

According to another embodiment, the memory circuit 
may be a Power On Reset (POR) circuit adapted to generate 
a POR signal after being powered down and powered up 
again, and the start up value signal may be provided respon 
sive to the POR signal. 

According to further embodiment, the memory circuit 
may include a bit program confirm circuit adapted to output 
a confirmation signal indicative of whether the output signal 
of the programmed MTP NVM element is in accordance 
with the signal present on the node. The bit program confirm 
circuit may be a logical circuit such as an XNOR gate. 

According to other embodiments, a memory array for use 
with an operational circuit may include a plurality of input 
data nodes and a plurality of Multiple Time Programmable 
(MTP) Non-Volatile Memory (NVM) elements, each corre 
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8 
sponding respectively to one of the nodes, each configured 
to be programmed a plurality of times, each time according 
to a signal present on its corresponding node, and to further 
provide an output signal according to how it is programmed. 
The memory array may further include a plurality of selector 
circuits each corresponding respectively to one of the nodes 
and its corresponding MTP NVM element, each configured 
to provide a start up value signal to the operational circuit by 
selecting one of a signal present on its corresponding node, 
and the output signal of its corresponding MTP NVM 
element. 
The memory array may also include a plurality of latches 

each corresponding respectively to one of the nodes, each 
latch configured to receive Successively a plurality of input 
data signals and present them on its corresponding node. 
At least one of the latches includes one of a D type 

flip-flop, an S-R type flip-flop, a J-K type flip-flop, and a 
toggle type flip-flop. A first one of the latches may be 
arranged serially with a second one of the latches, and the 
second latch may be adapted to latch an input data signal 
latched in the first latch. 

According to one embodiment, the memory array may 
also include a plurality of a bit program confirm circuits, 
each adapted to output a confirmation signal indicative of 
whether the output signal of its corresponding programmed 
MTPNVM element is in accordance with a signal present on 
its corresponding node. The bit program confirm circuits 
may be logical circuits such as XNOR gates. 

According to another embodiment, a first one of the bit 
program confirm circuits may be adapted to receive the 
confirmation signal of a second one of the bit program 
confirm circuits. The memory array may also include a daisy 
chaining circuitry Such that the confirmation signal of the 
first bit program confirm circuit also indicates that the 
confirmation signal of the second bit program confirm 
circuit indicates that the output signal of the programmed 
MTP NVM element corresponding to the second confirm 
circuit is in accordance with the latest signal latched in the 
latch corresponding to the second confirm circuit. 
Now referring to FIG. 10, an input signal is received at an 

input data node. The input signal may be intended for 
programming one or more of the NVM elements. The signal 
may be received internally from a subcircuit or from an 
external Source. 

According to next optional operation 1020, the input 
signal is latched. In some embodiments, the input signal may 
be provided to the NVM element(s) directly skipping the 
latching step. 

According to next operation 1030, the input signal is 
selected over an output of the MTP NVM element(s). The 
selection may be made by a multiplexer or similar circuit. 

According to next operation 1040, a start up value signal 
is provided for testing based on the selection. The MTP 
NVM device may be used in an application, such as an RFID 
tag, to provide start up (or calibration) values for different 
circuits upon power-on. 
At next optional decision operation 1050, a determination 

is made whether the provided start up value is acceptable. 
The start up value may be confirmed in many ways includ 
ing, but not limited to, during a calibration mode of the 
circuitry, by a confirmation circuit, and the like. If the 
provided start up value is not acceptable, processing returns 
to operation 1010 for receiving another input signal. Oth 
erwise, processing advances to operation 1060. 

According to operation 1060, the MTP NVM element(s) 
is (are) programmed based on the input signal. 
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According to next optional decision operation 1070, a 
determination is made whether an output of the programmed 
MTP NVM element(s) is substantially equal to the input 
signal. 

According to other embodiments, the MTPNVM may be 
programmed based on the input signal to values that are not 
necessarily the same as the input signal. In Such embodi 
ments, the output of the MTP NVM element(s) may be 
confirmed by verifying whether the output of the MTPNVM 
is Substantially equal to an expected value. 

If the output of the MTP NVM is not confirmed at 
operation 1070, processing returns to operation 1060 for 
reprogramming of the MTP NVM. Otherwise, processing 
advances to operation 1080. 

According to next operation 1080, the output of the MTP 
NVM is selected over the input signal by the selection 
circuit. 

According to next operation 1090, a start up value signal 
is provided for operation based on the selection at operation 
1080. 

In the above, the order of operations is not constrained to 
what is shown, and different orders may be possible. In 
addition, actions within each operation can be modified, 
deleted, or new ones added without departing from the scope 
and spirit of the invention. Plus other, optional operations 
and actions can be implemented with these methods, as will 
be inferred from the earlier description. 

In this description, numerous details have been set forth 
in order to provide a thorough understanding. In other 
instances, well-known features have not been described in 
detail in order to not obscure unnecessarily the description. 
A person skilled in the art will be able to practice the 

present invention in view of this description, which is to be 
taken as a whole. The specific embodiments as disclosed and 
illustrated herein are not to be considered in a limiting sense. 
Indeed, it should be readily apparent to those skilled in the 
art that what is described herein may be modified in numer 
ous ways. Such ways can include equivalents to what is 
described herein. 
The following claims define certain combinations and 

Sub-combinations of elements, features, steps, and/or func 
tions, which are regarded as novel and non-obvious. Addi 
tional claims for other combinations and Sub-combinations 
may be presented in this or a related document. 
What is claimed is: 
1. A memory circuit for use with an operational circuit, 

comprising: 
an input data node configured to receive Successively a 

plurality of input data signals; 
a Multiple Time Programmable (MTP) Non-Volatile 
Memory (NVM) element configured to be programmed 
a plurality of times, each time according to the signal 
present on the node at the time, and to further provide 
an output signal according to how it is programmed; 
and 

a selector circuit configured to provide a start up value 
signal to the operational circuit by selecting one of the 
latest signal present on the node, and the output signal 
of the MTP NVM element. 

2. The circuit of claim 1, further comprising: 
a latch configured to receive the input data signals and 

present them on the node. 
3. The circuit of claim 2, wherein 
the latch includes one of a D type flip-flop, an S-R type 

flip-flop, a J-K type flip-flop, and a toggle type flip-flop. 
4. The circuit of claim 1, wherein 
the selector circuit is a multiplexer. 
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5. The circuit of claim 1, wherein 
the MTP NVM element is configured to be programmed 

responsive to a programming enable signal. 
6. The circuit of claim 1, wherein 
the selector circuit is configured to perform the selection 

responsive to a data select signal. 
7. The circuit of claim 1, wherein 
a Power On Reset (POR) circuit is adapted to generate a 
POR signal after being powered down and powered up 
again, and 

the startup value signal is provided responsive to the POR 
signal. 

8. The circuit of claim 1, further comprising: 
a bit program confirm circuit adapted to output a confir 

mation signal indicative of whether the output signal of 
the programmed MTP NVM element is in accordance 
with the signal present on the node. 

9. The circuit of claim 8, wherein 
the bit program confirm circuit is a logical circuit. 
10. The circuit of claim 8, wherein 
the bit program confirm circuit is an XNOR gate. 
11. A memory array for use with an operational circuit, 

comprising: 
a plurality of input data nodes; 
a plurality of Multiple Time Programmable (MTP) Non 

Volatile Memory (NVM) elements, each corresponding 
respectively to one of the nodes, each configured to be 
programmed a plurality of times, each time according 
to a signal present on its corresponding node, and to 
further provide an output signal according to how it is 
programmed; and 

a plurality of selector circuits each corresponding respec 
tively to one of the nodes and its corresponding MTP 
NVM element, each configured to provide a start up 
value signal to the operational circuit by selecting one 
of a signal present on its corresponding node, and the 
output signal of its corresponding MTPNVM element. 

12. The array of claim 11, further comprising: 
a plurality of latches each corresponding respectively to 

one of the nodes, each latch configured to receive 
Successively a plurality of input data signals and 
present them on its corresponding node. 

13. The circuit of claim 12, wherein 
one of the latches includes one of a D type flip-flop, an 

S-R type flip-flop, a J-K type flip-flop, and a toggle type 
flip-flop. 

14. The array of claim 11, wherein 
a first one of the latches is arranged serially with a second 

one of the latches, and 
the second latch is adapted to latch an input data signal 

latched in the first latch. 
15. The array of claim 11, wherein 
the MTP NVM elements are configured to be pro 
grammed responsive to a programming enable signal. 

16. The array of claim 11, wherein 
the selector circuits are configured to perform the selec 

tion responsive to a data select signal. 
17. The array of claim 11, wherein 
a Power On Reset (POR) circuit is adapted to generate a 
POR signal after being powered down and powered up 
again, and 

the start up value signals are provided responsive to the 
POR signal. 

18. The array of claim 11, further comprising: 
a plurality of a bit program confirm circuits, each adapted 

to output a confirmation signal indicative of whether 
the output signal of its corresponding programmed 
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MTP NVM element is in accordance with a signal further comprising daisy chaining circuitry Such that the 
present on its corresponding node. confirmation signal of the first bit program confirm 

19. The array of claim 18, wherein circuit also indicates that the confirmation signal of the 
the bit program confirm circuits are logical circuits. second bit program confirm circuit indicates that the 
20. The array of claim 18, wherein 5 output signal of the programmed MTP NVM element 
the bit program confirm circuits are XNOR gates. corresponding to the second confirm circuit is in accor 
21. The array of claim 18, wherein dance with the latest signal latched in the latch corre 
a first one of the bit program confirm circuits is adapted sponding to the second confirm circuit. 

to receive the confirmation signal of a second one of the 
bit program confirm circuits; and k . . . . 
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